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September 2017 DRAFT Perand Poly-Fluorinated Alkyl Substances
Chemical Action Plan (PFAS CAP)

The Washington State departments of Ecology and Health prepared a draft of several PFAS CAP
chapters for external review. This document is one chapter to a plannedhapter PFAS

CAP. This material may be modified in response to comments and theta@deganized for

the final Action Plan.

The September 2017 Draft PFAS CAP includes: Health, Environment, Chemistry, Regulations,
Uses/Sources, Intro/Scope. This draft may include aefesences to other sections/chapters in
the Draft PFAS CAP or natewvhere additional information will be provided in a later draft.

An updated draft of the PFAS CAP will be provided in November/December 2017 for additional
review and comment. The PFAS CAP Advisory-Committee will discuss comments on these draft
chaptersat the November 1, 2017 meeting.

Ecology and Health are asking interested parties to provide feedBackments on these draft
documents are due to Ecology ©gtober 20, 2017.

Submit comments, suggestions, and questions to Kara Steward at
kara.steward@ecy.wa.gov

The Draft PFAS CAP documents are posted at
https://www.ezview.wa.gov/?alias=1962&pageid=37 (&5the bottom of the webpage).
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Introduction - Health Concerns

Publichealthconcernaboutthe presenceof PFASh the environmentandhumansisincreasingThere
aremorethan 3,000PFA®N the globalmarket,andwe know verylittle aboutthe environmentalfate,
transport, distribution andtoxicity of most of them. Most researchandregulationfocuson two long
chainPFASi.e. perfluoro octanesulfonate[PFOSand perfluoro octanoicacid[PFOA]andtheir
precursorsThesecompoundshavebeenfoundto causeliver toxicity andtumors, alter hormonesand
timing of sexwal maturation, suppressmmuneresponse and causereproductiveand developmental
effectsin laboratoryanimals.Somebut not all, epidemiologicaktudiesevidencesuggesthat exposure
to PFOfAandPFO$ humans:increasesholesterollevels,reducesbirth weight, reducesmmune
antibodyresponseto childhoodvaccinesand mayincreaseratesof sometypesof cancerssuchaskidney
andtesticularcancer.

PFASuchasPFOSPFOAperfluorohexanesulfonate(PFHxSperfluorononanoicacid(PFNARNnd
perfluorodecanoicacid (PFDAhavebeendetectedin serumof pregnantwomen,amnioticfluid,
placentaltissue,umbilicalcord blood, and breastmilk. Theyhavealsobeenmeasuredn infant@ blood
serumshortly after birth. At birth, infantshaveroughlythe sameserumlevelsof PFOAastheir mother,
but theseserumlevelswill surpassnaternallevelsduringinfancydue to consumptionof breastmilkor
formulamadewith contaminatedwater.

Peoplecanbe exposedo PFASrom a numberof sourcesThesencludecontamnated drinkingwater,
food grownin contaminatedsoilsor in contactwith PFASoatingson food wrappers fish caughtfrom
contaminatedwaters,andindoor air and dustthat accumulatePFASrom carpets,floor polishand other
householditems. Asaresultof exposuressomePFASsuchasPFOAPFOSPFHxSand PFNAhave
beenfoundto bioaccumulatan people,fish,andsomewildlife. HumansexcretePFASIowlysuchthat
yearsarerequiredto reducebodyburdenlevels.

Levelsof long-chain PFASh humansare decliningslowlyasindustryis phasingout useof these
chemicalsn the United States.Industryis transitioningto shorter-chainPFA%ndnon-fluorinated
chemicalsThedifferencebetweenlong-chainand short-chainis the lengthof the fully fluorinatedchain.
Althoughthe toxicity andbioaccumulatiompotential of shortchainPFASppearto be lower, there are
somepreliminaryconcernswith thesechemicals Studyfindingsindicatethat they are extremely
persistent,highlysolublein water andmobilein soil. Comparedo long-chainPFAS$hey are more
challengingo removefrom drinkingwater with currentfiltration technology ableto migratemore

1 According to the Organization for Economic Cooperation and Development:-thaig perfluorinated
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perfluorooctanoic acid (PFOA); Peditaalkyl sulfonates with carbon chain lengths C6 and higher, including
perfluorohexane sulfonic acid (PFHxS) and perfluorooctane sulfonate (PFOS); and precursors of these substances

that may be produced or present in products.
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efficientlyfrom paperto food, andmore easilytakenup from soil by certainfood crops.Theimplications
of thesereplacementn humanandenvironmentalhealthrequirefurther elucidation.

PFASn your water cancontribute significantlyto body burdenlevels.lt iswell establishedhat serum
PFASoncentrationsare elevatedin communitieswith PFASn drinkingwater comparedto the general
population. Thelevelsof PFOAPFOSnd PFHx$ drinkingwater for millionsof Americansexceed
health-advisorylevelg; this includesresidentsof WashingtonState. Thesheernumberof exiging PFAS
alongwith our lackof healthand environmentaleffectsdata on the majority of thesecompoundshas
resultedin significantuncertaintythat limit our understandingof the potential for humanhealth effects
from environmentalexposureso PFA3nixturesandthe levelsof exposurerequiredto inducethese
effects.

Publichealthagencieshavefocusedon identifyingandreducingexposureto long-chainPFA&sthe key
approachto reducinghealthrisk. Anumberof governmentsincludingthe EPAhavedeveloped
sciencebasedhealthadvisoriedor PFOfand PFOAnN drinkingwater. Currentlythe Washington
Departmentof Healthis recommendinghat peoplefollow the EPAlifetime healthadvisoryof 0.07 ug/L
(70ng/L) combinedfor PFO%nd PFOAnN drinking water. TheDepartmentmaydevelopstate drinking
water standardsn responseto a petition includingguidelinesfor other PFASIetectedin Washington
Statedrinkingwater.

2The U.S. environmental Rextion Agency (EPA) health advisory levels are 0.07 pg/L for PFOA, PFOS or both
combined.
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ll. How peopleare exposedio PFAS

Availabledataon how PFA&re absorbedfrom the environmentwere recentlyreviewedby ATSDRR2].
GenerallyPFASre well absorbedorally. In animalstudiesabsorptionrate of orally administeredPF@\,
PFOSPFBAand PFHxSangedfrom greaterthan50 percentfor PFHx$o greaterthan 95 percentfor
PFOAandPFBAAbsorptionacrosghe lunghasnot beenwell studied,but hasbeendemonstratedin
ratsfor ammoniumperfluorooctanate(APFO)Studiesof manufacturingworkersalsosupportthat PFAS
are absorbedin humansfollowinginhalationexposure2]. Dermalabsorptionis lessefficientand
dependson whetherthe compoundis presentasanacidor disassociate@nion.WhenPFO&ndPFOA
are contaminantsn drinkingwater, dermalabsorptionfrom bathing,showering,or washingdishesis
expectedto be minimal[3]. Onceabsorbedby humanslongchainPFA®indto proteins,serum
albumin,enzymesand cell surfacereceptors,and canremainin the bodyfor years.Thelongretention
time in humanisin markedcontrastto their shorterretention in all other animalstested. Tablel shows
the estimatedhalf-life for longchainPFASh humanserum.Animalstudiesand humanautopsystudies
haveshownthat PFASre primarily storedin the blood, liver, andkidneys.Theymayalsodistribute to
the lungs,bones,brain,and other tissueg2].

Table 1.Serum/plasma elimination halives of PFOA, PFOS, and PFHxS from Laj&015

Species PFOS PFOA PFHxS

Female Male Female Male Female Male
Rat 62-71 days 3841 days 2-4 hours 6-7 days 29.1 days
Mouse 31-38 days 36-43days 17 days 19 days 2527 days 28-30 days
Monkey 110'days 132 days 30 days 21 days 87 days 141 days
Rabbit 7 hours 5.5 hours
Dog 8-13 days 20-30 days
Cattle 56.days 19.2 hours
Chicken 15-17 days 3.9 days
Pig 1.7 years 236 days 2years
Humans 5.45.8 years 2.3-3.8 years 8.5 years

PFOSPFOAPFHXxS?FNAare not metabolizedin the humanbodyandare considerederminal
compoundsHowever,other PFASuchasfluorotelomer-basedcompoundsperfluoralkylsulfonamides,
andsulfonamidoethanolsnay be metabolizedto theseterminal compoundsn the humanbodyand
maybe a sourceof serumPFOANdPFO$5]. Excretionfrom the humanbody occursprimarilythrough
the urine.

Pathwaysof humanexposure

Pathway(spf environmentalexposureto PFASh humansinclude:
1 Ingestionof contaminateddrinkingwater.
1 Ingestionof PFAShat haveenteredor concentratedin the food chain,like fish.
1 Ingestionof PFAShat havemigratedinto food from food packagingandfood contactsurfaces.
1 Ingestionor inhalationof indoor dustandair that havebeencontaminatedby consumer
products.



Sept 19, 2017 DRAFT PFAS CdAdalth Chapter for external review.
Do not cite or quote.

Contactwith treated consumelproductssuchascarpetandtextiles.

Gontactwith liquid consumerproductsthat containPFASnhgredientssuchascarwashproducts
andsprayon waterproofingor staintreatmentsfor carpetsandtextiles.

1 Handto-mouth transferfrom surfacesamonginfantsandtoddlersengagedn agespecific
activity patterns.

Ingestionby infantsthrough breastmilk or formulamixedwith contaminatedwater.
Maternaltransferof PFAShroughthe placentato the developingbabyin utero.

T
T

T
1

Amongthese,dietaryintakeis consideredhe primary pathwayof exposurefor mostpeople,
particularlythrough consumptionof fish and seafoodcontaminatedwith PFASubstance$6, 7]. For
peoplewith PFASh drinkingwater, water consumptioncanpredominate.Sourcesand pathwaysof
exposureto PFASor childrendiffers from adults.Forexample,infantsrely solelyon breastmilk or baby
formulafor their nutrition, soPFASn either of thesesourceswill bethe primary pathwayfor infant
exposure. Thepathwaysof exposuresare describedn'more detail below.

Drinkingwater

Many PFASre highlysolublein water andwhenreleasedo the environmentcancontaminatesurface
water andgroundwater.PFAS1asbeendetectedin private drinkingwater wells, sourcewater, and
drinkingwater acrosshe United States.

A nationwidesurveyof drinkingwater conductedunder9 t ! UfragulatedContaminantMonitoring
Rule(UCMR3jested for PFOSPFOAPFNAPFHXSFHpAand PFB$h 4,920mostlylargepublicwater
systemsbetween2013and2015[8]. Testingfoundthat 2.3 percentof the drinkingwater systems
sampledhad PFO/at or abovethe laboratoryreporting valueof 0.02> 3 mnd0.3 percenthad
detectionsabove0.07> 3 WthiB samesurvey,1.9 percentof drinkingwater systemssampledhad
PFO%t or abovethe laboratoryreportingvalueof 0.04> 3 mnd 0.9 percenthad detectionsabove0.07
> 3 KTheother PFASvere detectedat evenlower percentage®f publicwater systemgested¢ PFNA
(0.28%) PFHx$1.1%) PFHpA1.7%)and PEFB$0.16%)In Washingtononly three out of 132water
systemssampledreported detections.Forinformation, seesectionlV,PFASn DrinkingWaterin
WashingtonState.

Ananalysidy Huet al., 2016 of UCMR3Jata estimatedthat water suppliesfor sixmillion U.Sresidents
exceedd t !lifatdine healthadvisorylevel (0.07> 3 kf¢r PFOSNd PFOA9]. Sincethis estimate,the
Departmentof Defensehasbeenactivein surveyingdrinkingwater nearmilitary baseghat conducted
firefightingor training with PFA ontainingfoams.Additionallocationswith contaminatd drinking
water havebeendiscoveredy state investigationsof UCMR3esults.Detectionsof PFASn U.S.
drinkingwater are beingcompiledandtrackedby the SocialScience&EnvironmentaHealthResearch
Institute at NortheasternUniversityin Boston[10].

Drinkingwater hasbeena significantsourceof humanexposurein areaswhere contaminationhas
occurred. TheNewJerseyDrinkingWater Quality Institute HealthEffectsSubcommitteeand others
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indicatethat ongoinghumanexposureto PFOAnN drinkingwater increaseserumlevels,on average py
at least100timesthe drinkingwater concentration(i.e., serum:drinkingwater ratio of 100:1)[11, 12].
PFO drinkingwater is estimatedto resultin averageserumconcentrationsl72timesthe
concentrationin drinkingwater [5]. Theseapproximateratioswere observedin arecentstudyof
Californiateacherswho livedin zip codeswith detectablebut modestdrinkingwater levelsof PFO&nd
PFOAasmeasuredn the UCMR3tudy[13]. Waterconcentrationdn this studyrangedfrom 0.020to
0.053> 3 f PFOANd0.041to 0.156> 3 kof PFOSOnthe other hand,theseratios havenot been
observedin other communitieswith elevateddrinkingwater levels.Thevariabilitymaybe relatedto
how longthe exposureoccurred,how longafter the exposurestoppedserumsamplingwasconducted,
individualconsumptionand usepatternsof drinkingwater, and ether unknownfactors.

Highlightedexamplef averageserumlevelsin communitieswith PEASn their drinkingwater are
presentedin Table2 and Figurel. Thesourcesand scenarioof PFAS0ontaminationin the drinking
water of thesecommunitiesvariedandinduded: leachingof industrialwastesfrom manufacturing
plantsor nearbywastedisposakites(e.g.,Little Hocking Ohio; WashingtonCounty Minnesotg, military
baseghat usedfirefightingfoam (e.g.,Peaselradesport New Hampshirg, andleachingfrom land-
appliedbiosolids(Decatur Alabamg [13-19].
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Figurel. Geometricneanserumlevels(ug/l)in variouscommunitystudiesimpactedby PFASh their
drinkingwater comparedto currentdatafrom NHANE$or the generalU.S population[13-19].

SerumPFASevelsin residentswith impacteddrinkingwater were generallymuchhigher than average
levelsin the U.S population,asmeasuredoy the Centersfor DiseaseControl(CDCand Prevention,
NationalHealthand Nutrition ExaminatiorSurvey(NHANES)L4]. Table2 alsoincludesserumlevelsof
manufacturingworkerswith more direct exposureto PFAompoundsTheserumlevelsof those
exposedoccupationallywvere muchhigher(100¢ 1,000times higher)thanthe serumlevelsin the
generalU.S populationasmeasuredby/ 5 / NBIANESurvey.

WhenPFASsin drinkingwater, serum levelsin infantsare expectedto increasefasterthan adults
regardlesof whetherthey breastfeedor formulafeed. Thisis becausematernalPFAShowsup in
breastmilk, andinfantsdrink more water relativeto their bodyweightthan adults.Nursingmothers
alsohavehigherconsumptionof water to supportmilk production

How PFAS get into drinking water
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According to Hu et al, aqueous film foaming foam (AFFF) has been a major sourceirmd cvatkr
contaminationin the U.S.Emissions and waste from manufacturing plants, leachate from landfills, and
land applications of biosolids have also contaminated drinking wBteAS compounds were not
manufactured in Washington, but they may have bessed in production of other products at
Washington sites. For example, in another state, a company that applied a PFAS coating to textiles
released PFAS into the air where the compounds settled on soil and eventually leached into
groundwater. We have lie information about where PFAS may have been used or released in the
Washington because PFAS compounds are not regulated by existing air or water pollution regulations
and are not reported under discharge permits.

WWTP effluent has been identified asajor contributor of PFAS to the aquatic environmg@], as
PFAS are not effectively removed during treatment and therefore enter the environment through the
discharged effluenf20, 21] Some PFAS, particularly the lesttain PFAAS, will partition to sludge in
WWTPs and may be released to the environment through land applicationssuofids[22, 23]

PFAS may collect in landfill leachate when disposed items like carpets and coated paper breakdown in
landfills In old unlined landfills, thisachate can contaminate groundwater. In modern landfills, the
leachate is collected and transferred to waste water treatment plants.mhislead to the release of

PFAS into water that is used downstream for drinking water.

Food

Themajority of the United Statespopulationis not exposedo PFASn their drinkingwater. Forthe
generalpopulation,foodis consideredo be the primary sourceof exposureto PFAS.

PFA%re foundin the United Satesfood supplyin snackfoods,vegdables,meat, dairy products,and
wild andfarmedfish. In North America,snackfoods, beef, shellfish,and potatoesare estimatedto be
the mostcommonfood itemsthat contributeto exposureto PFOA24]. Also,in Canadiarfood surveys,
PFOAand PFOSvere alsofrequently detectedin meat, fish and shellfish fastfood, and microwave
popcorn[25].

No acceptabledaily dietary intakeshavebeendevelopedin the United Statesor CanadaHowever,
Europedevelopedtolerabledailyintakes(TDIs)f 1.5ug/kg bodyweight per dayfor PFOAand0.15
png/kgbodyweight per dayfor PFO$26, 27]. Dietaryintakeswere calculatedfor adultsandtoddlersin
Europe ForPFOAthe levelsresultedin a daily dietaryintake of 4.3 ng/kgfor anadult and 16.5ng/kgfor
atoddler[28]. Dietaryintakeswere alsocalculatedby the United StatesDepartmentof Agriculture. This
resultedin an estimateddaily exposureof 0.75ng/kg/day or 60 ng/dayfor anaverage80 kilogram(kg)
adult[29]. Meat productscontributedto about40 ng/g day, followed by fish, vegetableproducts,
cereal,apples potatoes,peanutbutter, dairy,and eggproducts[29]. Dietaryexposureestimatesare
uncertain.Sincethere is lackof data of levelsof PFOAN food, analyticalmethodsfor food lacksufficient
sensitivity detectionlimits vary greatlyamongfood types,and PFOAevelsdiffer by typesof food,
sourcesandlocations[12].
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How PFAS)etinto food

LongchainPFASeleasednto the environmentcanbioaccumulateand concentratein animalsat higher
trophic levelssuchasmeateatinganimalsandfish. PFOAasbeendetectedin fish and other seafood,
althoughPFOAs muchlessbioaccumulativen fishthan PFO&ind other long-chainPFASubstances.
Consumptiorof fishandaquaticorganismsmay representa significantcontribution of total dietary
exposureamongrecreationalandsubsistencdishers[12].

PFOAalsomigratesinto food from food packagingrom non-stickpans(although,migrationfrom non-
stick PTFEcoatedcookwareis not consideredo be a significantexposuresource[12]), microwave
popcornbags,andother food contactsurfacesin 2011somemanufacturersvoluntarily stopped
distributinglong-chainPFASIsedin food packagingln2016,the U.S Foodand DrugAdministration
(FDABamendedthe food additiveregulationsto nolongerallow useof three specificperfluoroalkylethyl
containingfood-contactsubstance$asoil andwater repellantsfor paperandpaperboardfor usein
contactwith agueousandfatty foods[30].

Ambient air

PFOAand PFO%avebeenmeasuredn both the gasand particulate phaseof ambientair, includingin
remote areassuchasthe Arctic[31] and Antarctic[32]. A2006study of ambientair in Albany,New York
reported meanair concentrationsof PFOAat 2.0and 3.2 pg/mein the particulateandgasphase,
respectivelyPFO$ the samestudywasreportedto be at 0.6and1.7 pg/miin the particulateandgas
phase respectively33]. PrecursorsuchasFTOHsN-etFOSEand N-meFOSEre more volatile andtheir
atmospheridransportandeventualdegradationto terminal PFASnayexplainsomeof the PFO&nd
PFOAneasuredn remote areas.Air concentrationsof PFASneasuredn Westerncountrieswere
reviewedby Frommeet al.,2009[33]. Meanbackgroundconcentrationsof PFOAN rural areaswere less
than 10 pg/m?, while urbanareasoften hadseverahundredpg/m®. PFO%evelswere low, lessthan 6
pg/m?in rural areasand up to 50 pg/m? in cities[33]. Highconcentrationswvere observedalongthe
fenceline of anindustrialareain the United Stateswhere a fluoropolymerprocessindactory is situated.
ThePFOAconcentrationmeasuredat this site overthe 10-weeksamplingperiodrangedfrom 120,000
to 900,000pg/m? [34].

Indoor air and dust

Materialsmadeor treated with fluoropolymerssuchcarpets,upholstery,andclothing,degradewith
normalwearandtear and contributeto PFASn indoor dustandair. Indoorair anddustare an

3 The three food contact substances at¢Diethanolamine salts of mor@and bis (1 H, 1 H,2H, 2 H

perfluoroalkyl) phosphates 2) Pentanoic acid, 4;8is [(gamna-omegaperfluoro-C820-alkyl)thio] derivatives,
compounds with diethanolamineand 3)Perfluoroalkyl substituted phosphate ester acids, ammonium salts formed
by the reaction of 2,dis[([gamma], [omegaperfluoro C420 alkylthio) methyHl,3-propanediol,polyphosphoric

acid and ammonium hydroxide.
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important sourceof exposureof PFASor youngchildrenwho ingestrelativelyhigherlevelsof dustvia
handto-mouth activity. PFA®iavebeendetectedin indoor dustfrom homes,offices,vehicles stores
andotherindoor spacesincreasedexposureamongyoungchildrenmayresultfrom increasedcontact
with carpetedfloors and upholsteredfurniture coupledwith handto-mouth activity. SeeTable5 for a
summaryof reviewedstudiesandresults.

In 20002001, indoor dustsamplesvere collectedfrom 112homesand 10 day-carecentersin North
Carolinaand Ohioand a numberof PFASvere measured PFOAPFOSand PFHxSvere detectedat the
highestconcentrationd35]. Meanlevelsdetectedwere greaterthan 3,000ng/g for PFOAandgreater
than 8,000ng/g for PFO&nd PFHxSMiuch lower levelsof PFOAPFOSand PFHxSvere detectedin
housedust, offices,and vehiclesin Boston,Massachustts in 2009.Meandustlevelsof PFOSvere
highestin homes(26.9ng/g) followed by vehicleg(15.8ng/g),and offices(14.6ng/g) [36]. ThisBoston
studyalsomeasuredarangeof newer PFASh the indoor air of officesandreported maximumlevelsof
70ng/m3for 8:2FTOH12.6ng/m? for 10:2FTOH11ng/m? for 6:2 FTOHThecompounds8:2 FTOHand
10:2FTOHare precursorgo PFOAandrepresenta potential inhalationpathway. In anotherstudy
conductedin VarcouverCanadan 2007to 2008; PFEOAPFO%nd PFNAmeasuredn serumof pregnant
womencorrelatedwith precursorameasuredn the indoor air of LI NJi A Gdimed.Spdcificaly,
positiveassociationsvere discoveredetweenairborne 10:2FTOHand serumPFOAand PFNAand
betweenairborneMeFOSENd serumPFO$37]. ThemedianPFOAevelsin dustobservedin the United
Statesand Canadaare higherthan the levelsfoundin Europearcountries[38]. Thismaybe dueto
differencesin PFASIseandsources.

Shortchain PFAS have largely replaced fohgin PFAS in these household items. PFOAR&QS are
still producedn other countriesand may be imported into the United States in consumer godbesy
may also be released frooilder carpets, floowax, leather, apparel, upholstered furniture, paper and
packaging,-coatings, rubber, and plastics.

Soll

Thereare severalpathwaysby which PFASnay contaminatesoil. PFASn industrialemissionssettle

onto surroundinglands.Biosolidampactedby PFASnayalsointroducethem into agriculturalsoil. PFAS
in contaminatedirrigation water will resultin transferfrom water to soil. Formore informationon
BiosolidsseesectionX¢ WWTPresidualgbiosolidsand Sewagesludge)Analysisand Concentrations.

PFOAasbeendetectedin soilsnearmanufacturingfacilities,disposakites[39], and military bases
wherecertainfirefightingfoamswere used[40]. AMinnesotastudyconductedin a metropolitanarea,
measuredevelsof PFOAand PFO$n surfaceand subsurfacesoils;the medianlevelsin surfacesoils
were 8.0ng/g PFOAdry weightand 12.2ng/g PFOSiry weight Thisstudy providesevidenceof
migrationthroughsoilinto the groundwatertable andthe aquifer[39].

10
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PFASn soilmaybe a direct pathwayof exposurefor childrenplayingin dirt andfor peoplediggingor
gardeningn the soil. PFASh soilmayalsobe takenup into edible plantsand contribute to dietary
exposureg4l,42].

Consumeiproducts

Contactwith consumerproductsis a potential sourceof humanexposureto PFASPFASnayalsobe
releaseddirectly duringthe useof protective spraysand skiwaxes Accordingo EPAthe latest
monitoringdatain articlesof commercesuggesthat commerciakcarpetcareliquids,treated floor
waxes treated food contactpaper,and thread-sealanttapesarelikely the mostsignificantsourcesof
humanexposureto nine PFASIncludingPFOAN the United States[43]. A Danishsurveyexaminedthe
contentof PFASnh carpetsand assessethe potentialimpacton childrenof PFAShat volatilizeinto
indoor air. Thesurveydeterminedthat rugsemit manydifferent kindsof volatile compoundso the
indoorair (e.g.,phthalatesand PFASPFOAand PFOSvere foundin all rugstested other PFASuchas
iso-PFO&nd 4H-polyfluorooctanesulfoniacid/6:2fluorotelomer sulfonate(6:2 FTSAyvere also
detected. A healthriskassessmenanalysigbasedon inhalationonly) concludedhat rugsin the study
were not a healthhazardfor children [44].

Child-specificexposurepathwaysto PFAS

Developmentabutcomeshavebeenreportedfor long-chainPFA%t low exposureevels,bringing
specialconcernto expoesuref the developingfetus andyoungchild./ K A f RdgeBpgdiiciet and
behaviorscreatepathwaysof exposureuniqueto children. Themainroutesof childhoodexposure
includein utero exposurehousedustandair, breastmilk, andformula preparedwith contaminated
water.

Thepresenceof PFASn carpetsandother flooring materialsand coatingsmayresultin higher
exposurego youngchildrenbecauseof their age specificbehaviorsjncreasednhalationrates,and
higherdermalcontactwith the floor [3].

Anumberof studiesdemonstratethat PFASanreachthe humanfetus duringpregnancyandare
presentin breastmilk. Forexample PFOAasbeenmeasuredn placenta,amnioticfluid, maternal
serum,umbilicalcord blood,andbreastmilk. PFO®iasbeendeteded in the serumof pregnantwomen
andat delivery[45-51], in umbilicalcord blood, in breastmilk [52-68], andin infantsshortly after birth
[69-73]. Table4, summarizegoncentrationsof PFASh womenduringpregnancyor at delivery,and
infantsshortly after birth from selectstudiesin the United Statesandother countries.Thesestudies
indicatethat PFA%re widely detectablein pregnantwomenandnewbomsandthat exposuresn
childrenmay be similaror differ from adults.

SerumPFOAconcentrationdn infantsat birth are similarto thosein maternalserum[74]. Transferfrom
maternalserumto fetusislessefficientfor PFO%nd PFHxSsatios of umbilicalcord serum/maternal
serumof 30to 60 percentfor PFO%nNnd 72 percentfor PFHx®avebeenreported[75]. PFA%realso

11
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transferredfrom motherto infant viabreastmilk [76]. PFA3evelsin breastmilk are typicallymuch
lower than maternalserumconcentrationsPFO$1-3%),PFOA<1-4%)and PFHx$2%)[75]. Whilelow,
severalstudiesshowthat nursingtransferssignificantamountsof PFO&nd PFOAo infants;andwas
associatedvith a 30 percentincreasein infant serumlevelper month [76, 77]. Infantswho are exposed
through breastmilk from motherswho usecontaminatedwater and/or from formula preparedwith
water that containsPFAire alsoexpectedto rapidlyexceedtheir Y 2 i K SNdcdncentrationdue to
the higheringestionof water per bodyweight[12].

Departmentof Healthandthe AmericanAcademyof Pediatricsencouragesvomento breastfeedtheir
babiesdespitethe presenceof a numberof environmentalchemicalsn breastmilk. In nearlyall cases
the benefitsof breastfeedingto the babyand mother far outweighthe risksof the contaminant.For
PFASthe longterm healthconsequenceare uncertainatthe levelsencounteredby peoplewith
environmentalexposures.The significantbenefitsof breastfeedingarewell demonstrated.These
benefitsincludeincreasedrotection from childhoodinfectionsanddiarrhealdiseasesimproved
cognitivedevelopmentof the child,andlower obesityratesin later life [78, 79].

Relativecontribution from different pathwaysof exposure

EPAscientistsestimatedthe relative contributionsof exposurepathwaysfor typicalU.S.exposuresand
for peopleexposedo highlevelsof PFASh drinkingwater [5]. Forthe typicalscenarioauthors
assumedPFOSoncentrationswere 0.02ug/Lin drinkingwater (the laboratoryreportinglimit for PFOS
in water at the time of the estimate) Forthe contaminatedscenariothey assumedirinkingwater levels
were 15 ug/Lfor PFOSTheirestimatesare presentedgraphicallybelowin Figure2. Thefraction of
indoor dustingestion(usingmediandustandfood concentrations)y youngchildrenexceedsadults
becauseof agespecificbehaviors At 95" percentileassumptionf indoor dust, this fractionis even
higherfor youngchildren- roughlydoubletheir food intake (not shown).Foradultswith typical
exposuresfood ingestionisthe major contributor. Totaldaily intake for thesetypicalscenarbswas
assumedo be 3.85ng/kg/dayfor a childand2.22ng/kg/dayfor adult. Bothare belowthe reference
levelof 20 ng/kg/daysetby EPAfor lifetime exposure Modelledexposuresn the contaminatedwater
scenario(49.2nglkg/d for childrenand 30.5ng/kg/d for adults)significantlyexceedthe EPARD[5].
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inhalation, indoorand
outdor and dermal
absorption, <1%

Dermal 0 inhalation, outdoor
absorption2% and indoor <1%

N\
dust ‘
ingestion
6%
A. 2 yr old child, typical scenario B. Adult, typical scenario

o A N

Inhalation, indoor and food

outdoor: dermal |ngest|on dust dust ingestion, dermal food
absorptionX 30/ ingestion absorption, ingestion
/ 3% inhalation,X 5%

C.2 yr old child, contaminated scenario D. Adult, contaminated scenario

D

by eachexposurepathwayfor peoplewith 20 ppt vs.15,000ppt PFO$
imatesof intake by Egeghyand Lorber2010[5]. 5Arepresentsatypical
spendsmoretime on the floor, andingestshousedustthroughnormal
toddler behaviorpatterns. satypicalscenarioof anadult (72 kg)for PFOSForthesetwo scenarios,
drinkingwater concentratio ppt. 5Crepresentsmedianestimatesof pathwaysof exposurefor ayoung
childwith highlevelsof PFO$ drinkingwater (15,000ppt) and 5Drepresentsan adult drinkingthe samewater.

Figure2. Percent
their drinkingwater,
scenarioof a 2 yearold

Likely exposurelevelsin Washington State

PFASompoundsare expectedto be widely detectedin the serumof WashingtonStateresidents.In
exposureinvestigationspiomonitoringin humanblood serumhasbeenusefulfor measuringaggregate
exposureto specificPFASrom multiple sourcesof exposure(i.e.,food, water, consumeiproducts,and
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indoor dust).BecausdongchainPFA$iavelongresidenceimesin humans biomonitoringhasalso
provideda usefulindicationof cumulativeexposureovertime.

Belowwe discusshe datarelevantto likely generalpopulationexposureaswell asto subgroupghat
maydiffer becauseof their age,diet, occupationakexposurespr drinkingwater contamination.

Generalpopulation

NumerousstudieshavedetectedPFAS the serumof AmericangTable2). Onlylimited evidenceof
exposuresn WashingtonStateexist.A 2004 study by Olsenet al;,; measuredor sevenPFARompounds

in storedblood serumof 238 menandwomenin an elderly Seattlepopulation[80]. Levelsmeasuredn
this populationwere comparableto levelsmeasuredacrosghe nation[14] (NHANES general population
[1999 to 2000]andin an AmericanRedCrossstudyfram 2000to 2001suggestinghat this elderly
Seattlepopulationwasnot different thanthat observedfor the rest of the nation.

Serumlevelsof twelve PFASiavebeenmeasuredoythe CDGverytwo yearssincel999in a
representativeUnited Sates population.Datafrom the NHANE® shownin Figure3[14, 81]. PFOA,
PFOSPFNAand PFHx®reroutinely detectedin nearlyall peopletested. Figure3 showedserumlevels
of the four mosthighlydetectedPFASh humanserumin NHANESBetween1999and2014,the
geometricmeanPFOAand PFO®lood serumconcentrationdecreasedrom 5.2to 1.9 ug/L,and30.4to
4.99ug/L,respectively{14]. Thereasondor this declineare dueto areductionin environmental
emissiondy the manufacturersandthe phaseout in productionfor C8compoundsn the United States.
Serumconcentrationswvere similarin all agegroups(12andolder),andwere higher in males(geometric
mean,4.80ug/L)than females(geometricmean,3.56ug/L). MexicanAmericanshad lower
concentrationghan non-Hispaniovhitesor non-Hispanidlacks.
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Figure3. Median levels of PFAS in blood serum of a representative biomomjtsuirvey of the U.S.
population[14]. PFOSmanufacturing phasat occurred in 2002. PFOA manufacturing phastebegan
in 2008 and was complete for majonU.S. manufacturers by 2015.

Twoother largebiomonitoring surveyshaveyieldedsimilarresults. TheCanadiarHealthMeasures
Surveyis a largegovernmentsurveyof a representativesampleof Canadiamesidents.In 2007to 2009,
and2009to 2011,this surveymeasured®FOAPFOSand PFHx$ the plasmaof all Canadian
participantsaged20to 79years,and12to 79years respectively Thesurveyin 2009to 2011also
measuredior PFBA, PFHXA, PEBS, PENA, PFDA, and PFUnDAstraquently detectedPFASvere
PFOSPFOANd PFHxSvith detectionfrequenciesangingfrom 98to 100 percent[82]. Plasmdevelsof
PFOAwere similarin both cyclesPFOAevelsin childrenandthe elderlywere comparablewith thosein
adults[83]. Blooddonatedto the AmericanRedCrosshasalsobeenstudied Olsenet al., 2003,
collected645 serumsamplesrom blood donatedin 2000-2001to the AmericanRedCrossrom six
different cities.In eachcity, they collectedapproximatelyl 0 samplesrom menand womenacrossive
different 10-yr agegroups(20-29 through60-69) andtestedthesesampésfor sevendifferent PFA$84].
Afollow-up study,returnedto the samesixcitiesand collectedan additional600 plasmasamplesrom
blood donatedin 2006[85]. A secondfollow-up study collected600 plasmasamplesrom peoplewho
donatedbloodin 2010from the samesixcities[86]. All of thesesampleswvere similarlydistributed by
sexandagegroup.Beyondsexand age,however,no additionaldemographicharacteristicavere
recordedfor thesesamplesOverall,geometricmeanserumlevelswere lower than levelsfound in the
U.SNHANES$eneralpopulation.
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Children

In the generalpopulation averageserumlevelsin childrenare similarto adults. Table3 presentsresults
from selectedstudiesof PFASn serumof United Sates children.A studyof 598 childrenaged2to 12
yearsold in 1994to 1995, by Olsenet al., reportedthat childrenwere comparableto adultsin their
PFO%ind PFOAevels,howeverchildrenhad substantiallyhigher95" percentilevaluesof PFHx&nd
perfluorooctanesulfonamidoacetat@7]. Thehigherlevelsin this subsetof childrenmayhavebeen
relatedto child-specificpatternsof exposureto householditems suchastreated carpetandtextiles.Ina
morerecentstudyO K A £ RibdBuys€rdmlevelsof PFOAPFOSindPFHxSvere all lower than adults
in NHANE®om the sameyears[88]. Thisstudy,basedon serumfrom 300 Texaschildren,ageslessthan
1to 12 yearsold in 2009,reported no differencesbetweengenders andthat serumconcentrations
increasedwith age[88]. Children(lessthan 12 yearsold) in the C8study,with elevatedexposurego
PFASn drinkingwater, especiallyPFOAhad higherPFOAPFHx&nd PENAserumlevelsthan adults.
Thismayreflect agespecificconsumptionof drinkingwater ratesor agespecificoehaviorsthat increase
exposureto environmentalPFA$389].

Communitiesliving near PFASources.

It iswell establishedhat serumPFASoncentrationsare elevatedin communitieswith PFASh
drinkingwater, seeFigurel and Table2. Unlikethe generalU.S population,thesecommunities
havebeenexposedoy specificidentifiable sourcesof environmentalPFAShat have
contaminatedprivate and publicdrinkingwater systems.Asdiscusseckarlier,levelsin serum
in thesecommunitiesdependon the levelsin water.

Firefighters

Biomonitoringstudiesthat measured Figure 4: from the Fox Stufiy]

PFA_$] Se_rumOf flr_e fightershiq@been 101 firefighters (Fox Study) vs. 876 males in US
publishedin the United Satesandother population ( NHANES study)
countries. AFFmhasbeenusedby fire 14

departmentsroutinelyto extinguish =

. . . . . 1:
vehiclefiresandother firesinvolving

burningpetroleum. PFOSPFOAPFHXS,
and PFNAwvere the mostcommon
detectedPFASNn the FOXstudyof 101
Californiafirefighters[1] . Themedian
serumlevelsof Californiafirefighters
were slightlyhighercomparedto levelsof the United Sates generalpopulation(seeFigured). Higher
levelsof PFO@ind PFHxSvere reportedin firefightersexposedo older AFFFormulationsat AFFF
training centersin Australia.ln this study,the subsetof firefighterswho had beenexposedor ten years
or lesshadlevelsof PFO$hat were similar to or only slightlyabovethoseof the generalpopulation[90].

[=T CE TS U < I - ]

PFDeA PFHxS PFNA PFOA PFOS

FOX (2010-11) NHANES, Males, 2010-11
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Thisfinding suggestedhat elevatedlevelswere associatedvith older formulationsof AFFRusedat the
center.In anotherstudy, PFOSPFHxSperfluoropenanesulfoniacid (PFPeSperfluoroheptanesulfonic
acid(PFHpSxynd perfluorononanesulfoniacid (PFNS)ndfour unknownsulfonicacids(CHPFOS,
ketone-PFOSether-PFHxSand CHPFHxS)ere more frequently detectedat higherlevelsin firefighters
comparedto controls[91]. PFASvere found at slightlyhigherlevelsin firefightersfrom the mid-Ohio
RiverValleywho participatedin the C8health projectin 2005and 2006.FirefightersmedianPFHx$evel
was4.6 ng/mLcomparedto thosewho reported other employment(3.6ng/mL)or no job reported (3.5
ng/mL).Similarly the PFOSemum levelswere 27.9ng/mL,23.0ng/mL,and 20.9ng/mL,respectively
[92]. Eightfirefightersin Finlandhadtheir serummeasuredfor PFASefore andafter they used3%
AFFRn three training sessionsTheserumlevelsof PFHx&nd PENAncreasedduringthesesessions,
althoughthey were not the main PFA3isted asingredientsusedin AFFF93]. Overall,averagePFAS
levelsin U.S firefightersappearto be slightlyabovethe generalpopulation,andthisis an areathat
needsmore detailedstudies.Firefightersengagedn more extensiveexposurewith AFFFluringtraining
operations,especiallyolder formulations,mayhavehigherlevelsof PFASn their serumthan the general
population.

Consumerf fish from contaminatedwaters

PFO®asbeendetectedby Ecologysurveysn Washingtonfreshwaterfish at levelsup to 87 ng/gin
fillets (seeChapterV,environmentalsectior). Recreationabnd subsistencdisherswho consumefish
from urbanwatersand areasdownstreamof WWTPdischargesnayhavea higherexposureso PFAs
that accumulatein fish:

Internationalstudiesindicatethat PFASanreachveryhighlevelsof contaminationin fishand
fishermen.ln-abiomonitoringstudyof fisheryemployeesat TangxurlLake Ching[19] the medianserum
levelsin 37 fishermenwere 10,400ug/L for PFOS542 ug/L for PFHx&nd 41 pg/L PFOAThemaximum
detectionof PFOSvas31,400ug/Lwhichis higherthan the highestrecordedPFOSerumlevelin an
employeeat anindustrial POSkproductionfacility. Lakewatersreceivedeffluent from fluoropolymer
industryfacilitiesand a wastewater treatment plant. SinceWashingtonrdoesnot haveany
fluoropolymermanufacturingfacilities,exposureghis highare unlikelyhere.
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Table 2. Mean, geometric mean (GM) and/or range of PFOA and or PFOS levels in blood from
communities with PFAS contamination in drinking water, and people who worked with PFAS.

Study Drinking water levels ~ Serum levels (ug/L) Exposure
(ug/L) duration
PFQ@\, Lubeck, West Virginia 5204 924 At least 1 year
(C8 study)19] a
PFOA, Tuppers Plain, OH (C8 310a 424 At least 1 year
study) [19] a
PFOA, Little Hocking, Ohio, 3.554 298-370¢ At least 1 year
(20022005)[94] (n=371)
PFOA, mieDhio Valley NA 28.2¢ At least 1 year
residents, (20052006)[95]
PFOA, Arnsberg, Germg, 500-640b 25.3p Unknown
men[96] (n=101)
PFOA, Minnesota, 200@.5] 0.07-0.7 17.3b 34 months after
(n=98) exposure that
ended in 2009
PFOA, Washington County, NA 11.3p Unknown
Minnesota, 20162011
PFOA, California women, 0.028a 4.06a Unknown
Hurley et al. 201§13] (n=70)
PFOA, Hoosick Falls, municips 595y 23.5p Unknown
water, New York, 201§97] (n=2081)
PFOA, Decatur, Alabama, 2.2-78.8 17.60 Unknown
2009-2010[15] (n=121)
PFOA, New Hampshire, Pease¢ 0.350.32¢ 3.09a From January
Tradesport, 2015[18] (n=1,578) 2008 through
May 2014
PFOS
PFOS, California women, 0.058a 11.024 Unknown
Hurley et al. 2016 (n=93)1 3]
PFOS, Decatur, Alabama, 200 5.6-248 39.98p Unknown
2010[15] (n=121)
PFOS, Minnesota, 20q25] ND1.04 39.3p 34 months after
(n=98) exposure that
ended in 2009
PFOS, Arnsberg, Germany, 500640 10.5p Unknown
men [96] (n=101)
PFOS, New Hampshire, Peast¢ 2.42.54 8.59a From January
Tradesport, 201518] (n=1,578) 2008 through
May 2014cq

For comparison, workers with occupational exposure
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Study Drinking water levels ~ Serum levels (ug/L) Exposure
(ug/L) duration

PFOA, 3M workers, Decatur, NA 40¢ 12,700 (1,130) Unknown

Alabama (2000)19] a (n=263)

PFOA, DuPont workers, NA 494¢ 3,210a Unknown

Parkersbug, West Virginia

(2004)[19] a

PFOS, 3M workers, Decatur, NA 60¢ 10,060 (91Q) Unknown

Alabama (2000)19] a (n=263)

al Mean or average level

b . Geometric mean

¢ 1 Median

4T This population may include adults that work at the Pease Tradeport durin@@0D98
T PFAS samples were collected from Haven well in Apriland May 2014

NA T not available
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Table 3.Geometric mean (GM) and range (if available) for serum concentrations of PFOS, PF(C

Location

United States
(NHANES)
United States
(NHANES)
United States
(NHANES)
United Sates
(NHANES)
United States
(NHANES)
United States
(NHANES)
Canada, CHMS

Canada, CHMS
Canada, CHMS
Canada, CHMS

23 U.S. States &
Washington,
D.C.

6 U.S. Cities
(Red Cross)

6 U.S. Cities
(Red Cross)
6 U.S. Cities
(Red Cross)
Decatur, AL

Washington
County, MN
Washington
County, MN
Ohio/West
Virginia
Mid-Ohio River
Valley
Mid-Ohio River
Valley
Dallas, TX

Cincinnati, OH

San Francisco,
CA

“plasma concentration (ug/L)

PFHxS, and PFNA (ug/L) in raccupationally exposed U.S. populations.
PFOS GM PFOA GM PFHxS GM PFNA GM Source

Sample Age Year

Size
1,562
2,094
2,120
2,100
2,233
1,904
1,376
1,504

5112

506

598

645

600
600
153
196
164
69,030
6,536
5,934
300
353

351

(yn)

X M H

X M H
20-79
20-79
20-79
20-79

2-12

20-69

20-69

20-69
X M H

20-86

n.r.

1999
2000
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2007
2009
2007
2009
2009
2011
2009
2011
1994
1995

2000
2001

2006

2010

2010

2008
2009
2010
2011
2005
2006
2005
2006
2005
2006
2009

2005
2007
2005
2009

(range)
30.4
20.7
17.1
13.2
9.32
6.31
11.13
7.07

8.3
5.7

375
(6.7-515.0)

34.9
(<4.3
1656.0)
14.53¢
(<2.577.9)
8.3t
(<0.4102)
39.8
(5.4472)
35.9
(3.2448)
24.3

19.2
20.7
19.3
4100
(<0.293.30)
13.2
(<LOB-96.0)

13.2
(3.8104.0)

20

(range)
5.21-
3.95
3.92
412
3.07
2.08
2.94
2.17

2.6
2.0

4.9
(<1.956.1)

46
(<1.952.3)

3.41
(<1.028.1)
2.44
(0.422.2)
16.3
(2.2-144)
15.4
(1.6177)
11.3

32.9
32.6¢
26.3

2.85
(<0.113.50)
7.8
({LOD55.9)
5.7
(2.418.2)

(range)
2.13
1.93
1.67
1.95
1.66

1.28

2.4
1.3

45
(<1.4711.7)

1.9
(<1.466.3)

1.5t
(<0.556.5)
1.34
(<0.0519.2)
6.4
(0.6:59.1)
8.4
(0.32316)
6.4

3.3

1.200
(<0.131.20)
5.1
(<LOB185.0)
3.0
(0.3192.0)

(range)

0.551
0.966
1.09
1.22
1.26

0.881

0.8#

0.81

0.57
(0.1:2.7)

0.97?
(0.1:5.1)
0.83t
(0.0410.8)
1.7
(0.35.5)

1.200
(<0.155.80)
1.4
(<LODB6.8)
1.7
(0.6-15.5)

[98]
[98]
[98]
[98]
[98]
[98]
[99]
[99]
[82]
[82]

[100]

[101]

[85]
(86]
[102]
[103]
[104]
[105]
[106]
[106]
[88]
[107]

[107]
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Table 3.Geometric mean (GM) and range (if available) for serum concentrations of PFOS, PF(C
PFHxS, and PFNA (ug/L) in raccupationally exposed U.S. populations.
Location Sample Age Year PFOS GM PFOA GM PFHxS GM PFNA GM Source
Size  (yr) (range) (range) (range) (range)

“Median

SLOD = Limit of detection

TReported inOlsen, Lange [86]

aonly males

b only females

¢ Median concentration

d ¢Sample size for males n=510 and females n=505
e ¢Males 1279 years ofage

f¢ Females 1279 years of age
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Table 4. Median/geometricmeanconcentrationsof PFOS,PFOA, PFHXS,and PFNA in vulnerable
populationsfrom selectstudies(n>30)in the United States,Canadaand other countries.

Year(s)
20032004

20032006

20052006

20082011

20032006

2004-2005

2007

2004-2005

20032004

n
76

242,
241,
225¢

252

1743

71

101

101

105

98
299

20

Concentration(ug/L)
PFOS PFOA PFHxS
12/12.3 2.6/

2.39
13.2 5.4 15
7.8 15 0.97
4.7/ 1.7/ 1/1.01
4.59 1.66
12.7 4.8 1.2
(100) (100) (98.6)
8.5 3.3 1.2(93)
(100) (100)
3.5 3.1 0.6
(98.6) (100) (97.2)
16.6 2.13 1.82
14.54 181 1.62
6.08 1.58 2.07
2.1a 0.% 0.4a
4.9 1.6a -
1.59 0.73 1.64

PFNA PFDA
0.9 0.2
0.82 0.2
(100)- (97.2)
066 0.2
(100)  (90.1)
0.41  <LOD
(98.6)  (16.9)
0.73

0.69

0.72

0.3

0.35

22

Sampletype Location

Serum, NHANES

pregnant

women

Maternal HOMEstudy,

serum Cincinnati,

measuredat Ohio

16+ 3 weeks

gestation

Maternal Alberta,

serum at 15 Canada

weeks

Maternal Canada,

plasma, 14 MIREC study

weeks of (20 cities

gestation across
Canada)

Maternal Cohortof

serum,16 women,

weeks,(Fd,%) Cincinnati,
Ohio

Maternal

serum,

delivery,(Fd,

%)

Ly T leofdi C

serum,(Fd,%)

Maternal Canada

serum at 24

28 weeks

Maternal

serum at

delivery

Umbilical cord

serum

Driedblood Texas

spot,infant

Umbilicalcord Maryland
serum

Driedblood
spot,infant
(newborn

NewYork

Ref

[51]

[50]

[46]

[49]

[47]

(48]

[71]

[52]

[72]
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Year(s)

20082009

20122015

20052008
2007

20112013

2007-2009

2002-2005

20052006

Concentration(ug/L)

n PFOS

67 6.15
200 4.47/
4.20
100 4.44
98 2.1
64 1.6

391 ndcc

185 5.2

12,476 22.7

a Geometricmean
b Pooledsamples

¢ Samplesizeof 242 correspondso PFOA, PFOS andPFHXS;samplesizeof 241 correspond$o PFNA, and

PFOA  PFHxS

4.5 1.25
1.29/ 0.861/
1.24 0.904
1.47 0.58
0.9 0.4
0.885

1.53 0.44
14

69.2

samplesizeof 225 correspondso PEDA.
HOME - HealthOutcomesandMeasureof the EnvironmentStudy

MAMAS | MeasuringAnalytesin MaternalArchived Samples

n = samplesize
Fd = frequencyof detection
A= Corresponds$o medianlinear PFOS.

PFENA

1.7

0.644/
0.647

0.36

0.3

0.56

23

PFDA

0.35

0.212/
0.198

0.23

Sampletype
screening
program)

Serum,2-8
yearsold
Maternal
serum,
Pregnant
women
(MAMAS
study)
Umbilical cord
serum

Dried blood
spot, infant
Cord plasma
(umbilical
cord blood)
Serum,
pregnant
women

Maternal
blood

Blood serum

Location

California

California

Ottawa,
Canada
Texas

Netherlands

Norway,
Mother-and-
child
contaminant
Cohort study
(MISA)
Sapporo,
Japan
(Hokkadlo
Study)
Children 1
17.9 years
(Frisbee et
al. 2010)

Ref

[73]

[108]

[69]
[71]

[70]

[45]

[109]

[106]
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Table 5. PFAS detectedin residential dust, office dust and indoor air from selectedstudiesin the
U.S,and other countries

Chemicahame

PFNAPFOAPFHpA,
PFHXAPFOSand8:2
FTOH

PFTeDA

PFTIDA

PFDoA

PFUNA

PFDA

PFNA

PFOA

PFHpA

PFHXA

PFPeA

PFBA

PFOS

PFHxS

PFBS

6:2FTOH

8:2FTOH

10:2FTOH

Exposurerelated
information

Measuredin dust
of offices,homes
andvehicles

Officedust, Jan
andMarch2009,
Boston,MA
Officedust, Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust, Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009;
Boston,MA
Officedust, Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA
Officedust,Jan
andMarch2009,
Boston,MA

Units/
matrix

ng/g

nglg

nglg

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

nglg

nglg

ng/g

ng/g

nglg

nglg

ng/g

nglg

n

31

31

31

31

31

31

31

31

31

31

31

31

31

31

31

31

31

mean/ GM  50th

percentile

95th
percentile

18.6

21.6

40

19

46.5

63

32

27.6

10.8

hWh

uh

14.6

uh

Uh

uh

309

210

24

Range/
min/ max

9.35367

8.67-768

6.56-481

9.22-373

5.3-492

10.9639

15.8336

6.5-388

5.06102

5.9527.5

5.06-148

6.8-98.2

5.2418.5

8.2512

90.6-

2,390

15.7-
3,390

12.2-2050

%with
detectable
levels/ %>
LOQ/LOD
>50%
(detectedin
offices,homes
& vehicles)

71

58

87

52

97

94

74

97

68

39

48

55

23

10

35

100

90

Source(s)

[36] Fraser
Aldetal.
2013
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Chemicahame Exposurerelated Units/ n mean/ GM  50th 95th Range/ %with Source(s)
information matrix percentile  percentile min/ max detectable
levels/ %>
LOQ/LOD
MeFOSE Officedust, Jan ng/g 31 Uk 11.0113 19
andMarch2009,
Boston,MA
6:2FTOH Indoorairin offices  pg/m? 30 1,320 <LOD 93
in Boston,MA. 1 (19.5)
11,000
8:2FTOH Indoorairin offices  pg/m? 30 9,920 283 100
in Boston,MA. 1 70,600
10:2FTOH Indoorairin offices  pg/m? 30 2,850 138 100
in Boston,MA. 1 12,600
EtFOSA Indoorairin offices = pg/m? 30 17 <LOD 97
in Boston,MA. 1 (1.26)-
- : 115 [110] Fraser
MeFOSA Indoorairin offices = pg/m? 30 29.1 5.93162 100 Aletal.
in Boston,MA. 1 2012
EtFOSE Indoorairin offices  pg/m? 300 181 <LOD 90
in Boston,MA. 1 (0.03)
216
MeFOSE Indoorairin offices = pg/m?® 30 289 48.5 100
in Boston,MA. 1 3,880
1 PFC{PFBSPFHXS, Housedustin ng/g 43  19.3 2.9 34.9 0.1-406
PFOSPFBAPFHXA, 2008,Flanders,
PFOAPFNAand PFDA) Belgium
PFOS Housedustin ng/g 43 9.4 0.5 <0.1:211 15
2008;Flanders;
Belgium
PFOA Housedustin ng/g 43 6.4 0.7 <0.05109 24 [38]
2008,Flanders, D'Hollander
Belgium W. et al.
2010
1 PFC{PFBSPFHXS, Officedustin 2008, ng/g 10 100 10 449 2.2-647
PFOSPFBAPFHXA, FlandersBelgium
PFOAPFNAand PFDA)
[38]
PFOS Officedustin 2008, " ng/g 10 55 2.2 0.4526 21 D'Hollander
FlandersBelgium W. et al.
2010
PFOA Officedustin 2008, ng/g 10 14 2.9 0.7-61 29
FlandersBelgium
PFNA Housedust, Jan ng/g 30 109 6.21- 67
andMarch2009, 1,420
Boston,MA
PFOA Housedust, Jan ng/g 30 237 5.71-894 77
andMarch2009,
Boston,MA
PFHpA Housedust, Jan ngl/g 30 12 493586 80
andMarch2009,
Boston,MA
PFHxA Housedust, Jan ng/g 30 8.65 4.85 57
andMarch2009, 1,380
Boston,MA [36] Fraser
PFBA Housedust, Jan nglg 30 139 489999 90 Aletal.
andMarch2009, 2013
Boston,MA
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Chemicahame

PFOS
8:2FTOH

PFBS
PFHxXS
PFHpS
PFOS
PFDS
PFBA
PFPeA
PFHXA
PFHpA
PFOA
PFNA
PFDA
PFUA
PFDoA
PFTIA
PFTA
PFOSA
NMeFOSA
NEtFOSA
NMeFOSAA
NEtFOSAA

NMeFOSE

Exposurerelated
information

Housedust, Jan
andMarch2009,
Boston,MA
Housedust, Jan
andMarch2009,
Boston,MA
Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Housedustin
2011,Canada

Units/
matrix

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

ng/g

nglg

nglg

nglg

nglg

ng/g

ng/g

ng/g

ng/g

nglg

nglg

nglg

n

30

30

18

18

18

18

18

18

18

18

18

18

18

18

18

18

18

18

18

16

16

18

18

16

mean/ GM

26.9

10.8

6.1/0.7

140/21

4.1/0.6

180/39

2.2/1.8

9.2/3.6

17/4.9

77133

55/19

120/50

44/18

44/16

31/8

36

9.9/2.3

6.5/3.3

<0.50.3

3/2.5

0.550.14

36/2.3

58/32

152/65

26

50th
percentile

95th
percentile

<0.5

14

<0.5

37

2.1

2.6

5.2

35

21

38

15

15

6.1

10

2.4

3.3

<0.5

2.3

0.15

1.2

27

49

Range/
min/ max

14.1-280

9.19136

<0.55.1

2.9-1,300

<0.546

<0.5

1,300

<0.55.1

<0.542

<0.593

2.3-390

1.4-320

4.3-820

1.4-220

1.7-250

<0.5240

1.4160

<0.567

<0.524

<0.5<0.5

1.2-13.8

<0.062.8

<0.5440

3.2-240

15910

%with
detectable
levels/ %>
LOQ/LOD
73

Source(s)

57

28

100

22

94

94

94
[111]

83 BeesonSet
al.2011

100

100

100

100

100

94

100

78

94

100

50

50

100

100
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Chemicahame
NEtFOSE
6:2FTOH
8:2FTOH
10:2FTOH
PFHXA
PFHpA
PFOA
PFNA
PFDA
PFUA
PFDoOA
PFOS
PFHXS
PFBS

LOQ1 Limit of Quantitation.
LOD i Limit of Detection

Exposurerelated
information

Housedustin
2011,Canada
Housedust, 2000
2001,0hioand
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio;and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina
Housedust, 2000
2001,0hio,and
North Carolina

Units/
matrix

ng/g

ng/g

nglg

nglg

nglg

ng/g

ng/g

ng/g

nglg

ng/g

ng/g

ng/g

ng/g

ng/g

16

26/
23
a
28/
32
a
28/
28
a
54/
50
a
40/
43
a
56/
52
a
22/
25
a
17/
17
a
21/
20
a
11/
10
a
56/
50
a
48/
39
a
20/
17
a

mean/ GM  50th 95th Range/
percentile  percentile = min/ max

14/5.3 10 <0.02190

501/355a

1,043/747

a

555/459

1,049

/1,486a

1,312
/1,550a

3,155/
2,977a

393/438a

291/423a

704/ 694a

804/425a

8,353
/7,688a

8,828/14,1
87a

1,560/510
a

ai Samplesize(n) andmeanvaluescorrespondo Ohio,andNorth Carolina.
AParticipantsangedn agefrom 25to 64 years consistecf 26 femalesand5 males,andworkedat least18 hoursperweekin offices,
A Avaluesno reporteddueto low percentagof detection(lessthan50 percen,
PFBS-Perfluorobutansulfonatg PFBS],
PFHxS- Perfluorohexansulfonate,
PFOSi Perfluorooctansulfonate,

9 perfluorinateccarboxylategC4 1 C12:perfluorobutyrat§PFBA], perfluoropentanoat@®FPeA],perfluorohexanoatfPFHxA],
perfluoroheptanoatFHpA], PFOA, PFNA, perfluorodecanoat@®FDA], perfluoroundecanoa{®FUnA], andperfluorododecanoa{®FDoA)),
Fluorotelomemlcohols(6:2,8:2and10:2 FTOH), FOSEalcohols(N-MeFOSEandN-Et FOSE),andC13(perfluorotridecanoatfPFTrDA]) and

C14 (perfluorotetradecanoafe FTeDA])

27

%with
detectable
levels/ %>
LOQ/LOD
88

Source(s)
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IV PFAS in drinking water in Washington State

Between January 2013 and December 2015, 132 public water systems in Washington participated in the
EPAthird Unregulated Contaminant Monitoring Rule (UCMR®)gether the tested systenservethe

majority (94 perceni) of Washington residentserved by pblic water systems All 113 large Group A

systems that serve more than 10,000 people and 19 smaller systems tested their water for six PFAS:

PFOA, PFOS, PFBS, PFNA, PFHxS, and PFHpA. Laboratory analysis used EPA method 537 Rev 1.1. PFAS
levels above theaboratory reporting limits were found in three public water systems (FiGureFOS

was detected in one public water system (City of Issaquah) above what EPA would establish in May 2016

as the lifetime health advisory level (LHALD @7 pg/L.

The reporting limits in the UCMR3 were somewhat higher than what laboratories are routinely reporting
in 2017, so it is possible that more systems would have low but detectable levels if the UCMR3 survey
were run today. Still, the survey showed that.these PFAS were not widespread in public water

systems in Washington State.

Since the UCMR3 sampling, a number of local investigations have occurred in the state. These include
efforts by the City of Issaquah to explore sources of PFAS responsibdatammation detected in one
production well in the UCMRS3. Investigations have also been initiated by military bases that were
identified by the Department of Defense (DOD) as having used or trained with AFkghfing foams.

And other water systems ite vicinity of the military facilities-have also conducted monitoring for

PFAS.

So far, all detections in Washington State drinking water have been in groundwater wells and are
believed to have resulted from historical use of firefighting foam, specifically AFFF. This may be partly
because additional investigations at military basasénspecifically looked in areas where firefighting
foam was used. Other namilitary sites where this firefighting foam was likely used include: fire training
centers, airports that conducted or hosted fire training, crash sites of planes, oil traioksmr other
vehicles where feam was used to extinguish the fire, and fire stations that conductsiteanaining

with AFFF Details of these localized investigations are described below.

Community specifiarinking, waterdata
City of Issaquah

The @y of Issaqualtiscovered PFOS, PFHxS, and smaller amounts of PFOA, PENA, PFHpA in one
production well in their public water system as part of UCMR3 testing. PFOS concentration in the
affected well ranged fror@.4 to 0.6 pg/L and PFHXS ranged fr@201to 0.241ug/L. Other PFABere
lessthan 0.8 pg/L. The well blended water in a ratio of 1:4 with a deeper HF&&5adjacent well

before it entered the distribution system. After blending, the water level did not exceed the provisional
EPA health advisost that time Q.4 pg/L for PFOA).2 pg/L for PFOS). Additional sampling in

November 2015 across the Issaquah system found PFOS @:a8@ig/L at the entry point of the two
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blended wells and at levels ranging frén®68 t00.038 ug/L in the western pdion of the distribution

system. At each site, PFHXS was present at about ¥2 the PFOS concentration. When news coverage in
January 2016 sparked public concern about the contamination, the city shut down the well and
eventually invested over $1 million ingganular activated carbon treatment system. The treatment
system has been effective at removing PFAS and is routinely tested for performance. The city also began
investigating the source of contamination. Their investigation concluded that the likelyesofurc
contamination was the Eastside Fire and Rescue headquarters. Soil samples-fightiimg training

area at the headquarters contained PFAS fromffgkting foam. Additionally, one monitoring well and

two drinking water production wells operatday nearby Sammamish Plateau Water system were found
to containPFOA and PF@S8levels well below the 2016 EPA health advisor§.67 pg/L. These wells
continue to be monitored.

City of Dupont

As part of UCMRS3 testindhe City of DBont detected level2 ¥ t QO30 ugd i two wells in the
southwest area of the distribution system. PFAS were not detected in the three wells serving the north
and east areas of the distribution systefine City of DBont is considering conducting some follays
monitoring for PFAS (but that has not.occurred as of July 2017).

Joint Base LewiMcChord-TK S | NY¥eéQa C2NIi . [ SégAa TFTrOAfAGe YR (KS
currently operated as a joint military badsyt have separate water systems. Only Fort keivQa ¢ I G S NJ
system was included in the UCMR3 testing in 20B4ting. at McChord was conductedder aDOD

policy directive

Fort Lewis- As part of the UCMR&estingat Fort LewisPFOAvasdetected at0.051 pg/Lin one well

and PFHpA d&.013 pg/L in another: Subsequent testing in November 2016 confirmed the previous
detectionsin those two wells and showed PFRAist above the EPA LHAL in one well which was then
taken offline. The November 2016 testing also revealed additional drinking wateresowith PFAS.

The well that serves the military golf course inFDat had levels just above the LHAL, and bottled water
was supplied at that facility. /And the primary source of drinking water for the main base (Sequalitchew
Springs and infiltration dlery) has around.013 ug/L PFOS 8.006 ug/L PFOA.

McChord Field- In'March 2017, the base announced it had shut down three drinking water wells that
contained PFAS above the EPA LHAL. Levels in these wells from the November 2016 sampling were
reported to be0.25,0.216, and0.071 ug/L. A few other wells have levels of PFAS below the EPA LHAL.
As a result of the detections in these wells affiliated with McChord Field, a large water system
immediately west of McChord Field (Lakewood Water Distsgblanning to conduct PFAS monitoring in
the latter half of 2017 and in 2018.

JBLM staff believe the contamination came from foam used through the early 1990s for firefighter
training at several locations on the east side of McChord Field's runway arattdrelvis' Gray Army
Airfield. According to the base, use of foams containing the chemicals was discontinued at JBLM more
than 20 years ago. As of July 2017 JBLM staff is developing plans to install GAC treatment at drinking
water sources contaminated Wi PFAS to reduce levels to below the LHAL.
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Another military site managed by JBuNth potential for PFAS use, the Yakima Training Cetetsted
drinking waterin November 2016, and there were no detections.

Naval Air Station (NAS), Whidbey Island

In 2015 the Naval Air Station Whidbey Island detedPFAS in groundwater at locations around Ault
Field on the main base north of Oak Harbor and in a well
at the Outlying Landing Field (OLF) southwest of

) > ol Coupevilleln October2016 the Navy announced it
i N S| \/ould begin voluntarilytestingdrinking water wellgor

srnaror oercn [N e two specific PFAS (i.e., PFOA and P&@8hd those
' Vs two areas.

Consistent with Navy policy, the base targetbdir
testingin offsite wellswithin. 1 mile downgradient from
potential sourcesuch adirefighting training areaand
airfields where firefighting foam may have been used.
The testing area has expandeden time to include wells
within one mile down gradient of wells withetections.

BN Outlying Field
(OLF) Coupeville

As of July 2017, the Navy has tested 113 watkw

samples from properties near OLF; seven private wells

(e T e contained levels of PEOA ranging frOrh3 t0 0.66 pg/L,

CTT——— Th & and another two wells had levels of PFOA below the EPA

LHAL, one of which supplies water to the town of Coupeville. This well containsaP&©And0.06

ug/L but blends with three other wells with no PFAS detectj@d8]. Thuswé SNJ Sy G SNA y 3 / 2 dzLJ
distribution system ha6.025 t00.03 pg/L PFOA.

Near Ault Field, of 105 well water samples, one well east of Ault Field detected PFOA just above the EPA
LHAL, and another well south of Ault Field contained lesfd?-OS at.3 to 38 ug/L. This is the only

gStft a2 FINFFFAILALGSR 6AGK GKS Dbl @t TANI {GFGAZ2Y
wells near Ault Field had detections of PFOA less than the EPA LHAL.

The Navy is providing bottled watethen resultsshow PFOA and PFOS exceed the EPA LHAL. The Navy
is also moving forward on their source investigatioesutts from27 new groundwater monitoring

wells atOLFshowed that hree contained PFOS and/or PFOA above thellEFAA Based on the local
hydrogeolog the groundwater direction is generally to the south at OLReNavy also released a

policy regarding removal, disposal, and replacement of legacy AFFF that contains PFOS and/or PFOA,
including prohibitions on using this type of foam for future trainexgrcises.

At least twelve smalpublicwater systems on Whidbey Island have tested their wells for PFAS as of June
2017, and none of them had any detections.

Fairchild AirforceBase(AFB)and surrounding areasSpokane County (2017)
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In monitoringconducted per the DOD directive, Fairchild AFB tested groundwater on the base at five

locations including firéraining areas arvo2 sites of previous plane crashes. The results of this testing

were not made public except to acknowledge that PFAS wermectld. Drinking water on the base is

adzZLJLJX ASR o0& GUKS olasSqQa ¢gStta ySINIGKS {LR1lFIYyS wAiAg
contaminated with PFOS or PFOA. However, based on other groundwater monitoring results, Fairchild
conducted offbase testindor PFOA and PF@&esidential wells east of the base and municipal wells

for the City of Airway Heights northeast of the baSampling is continuing with current expansions out

to the North and Northeasbf the base.

Results for private wells were tiprovided to the public but preliminary results provided to DOH for
Airway Heights municipal system showkd- 1.2 ug/L PFOS an@3-0.32 ug/L PFOAn the affected
wells. These levels are approximately 17 times higher.than the EPA LHAL for PFO3\aAd O
phase was just announcdd/11/17)and will include about 50 residential wells just North of the base.

The Airforce policy is to notify and provide bottled water immediatelgvéls for PFOS and PFQA
drinking water exceed the EPA health sdvy levelThis included customers of the City of Airway
Heights (population 6,200) public water system.

The public water system of Airway Heights shut down their three contaminated wells and used an
emergency intertie with the City of Spokane water system to flush their system with clean water.
Flushing included draining reservoirs and water towers and moad until measurements taken at over

20 points in their distribution system were well below €70 ug/L health advisory for PFOS and

PFOA. During the flushing, the city warned residents located West of Hayford Road to not drink or cook
with water fromcity pipes and people were provided bottled water by Fairchild ARB city has since

added another connection to the City of Spokane to supply drinking water while they consider
treatment options for the contaminated.wells.

According to Fairchild AFB\et base has transitioned to an alternative AFFF, called Phoscheck 3, that is
PFOSree and has only trace amounts of PFOA, yet still provides adequate fire protection for critical
assets and infrastructure. Additionally, AFFF is no longer used duridgditining and the fire trucks

on base are being outfitted with a test system that prevents any foam discharge during equipment
testing.

Drinking water remediationoptions

PFAS cannot be removed from drinking watebbiling or withstandard treatmenfprocess, butan be
removed by reverse osmosi®n exchangenanofiltrationandgranular activated carbon (GAC
treatment systems.

In 2016, the Water Research Foundation released a study of &t PFAS water treatment systems
throughout the country114]. The study included a wide spectrum of treatment techniques and
collected objective mesurements of 23 PFAS in source water, finished drinking water or potable reuse
product water, and at various steps along the treatment train. It also compared performance of GAC
and a new technology using nanofiltration in a laboratory setting.
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Thestudyfound thattraditional water treatment systemseration, chlorine dioxide, dissolved air
flotation, coagulation, flocculation, sedimentation, granular filtration, and microfiltration were all
ineffective for removing PFAS including PFOA and PFOS. Acimmge was moderately effective in
treating PFOA, highly effective for PRDE PFHxSnd faied to remove several PFAS that were C7 in
length or shorter Granular activated carbon (GA€jnoved over 90% of long chain PFAS but was
ineffective at removinghorter chain PFASNanofiltration and reverse osmodittration removedeven
the smallesPFA$114].

Recently, the Calgon Corporation conducted a study and researched several GAC subtypes (e.g.,
bituminous e-aggbmeratedcoal (filtrasorb-virgin), direct activated coconut, and reactivated
bituminous reagglomerated coal (filtrasorteact)). They concluded that bituminous and reactivated
bituminous are effective GAC materials at removing long and short chaifPFAS

Besides performance in removing PFAS, large systermtesa options differ in installation cost,
required maintenance, and water and energy requirements. Reverse 0smosis also removes beneficial
minerals from the water.

For private well owners, NSF International recently developed a certification for haems filat

remove PFOA and PFOS from drinking water. To make a PFOA/PFOS reduction claim, a certified water
filter must be able to reduce these chemicals.to below the EPA healthy advisory 0107 pfg/L. NSF

certified filter systems have also been vierif to meet the contaminant reduction claims on the label, to

not contain misleading advertising on their labels, to noet add anything harmful to the water, and to be
structurally sound in their engineering and construction.

The Minnesota Health Departmehas also sponsored independent performance testing of
commercially available poirif-use water filter devices in 2008. They identified eleven devices that
sufficiently removed PFOS, PFOA and PFBS contaminants. More information is at their[tE)site

Next steps- identifying-and, testingother drinking water sourceshat may have PFAS contamination

DOH advises residents in Washington to follow the EPA health advisory when PFAS are found in drinking
water. In order to identify other drinking wateources that may be impacted, DOH is working to map

areas where drinking water sources (both private and public) may be at increased risk of PFAS
contamination. DOH is also developing a funding program to assist public water systems who have not
yet testedfor PFAS.

DOH used risk factors for PFAS in water reported by Hu2056]9] to generate a map of potential

point sources across Washington State focused on locations wheAg=FF was potentially released

for this preliminary analysisSpecifically, we generated a map of military land, airports pérsonnel
certified in the use of AFFKhownfire training facilities, andecords of AFFF releaseistained from the
Washington State Department of Ecology spills program. Data on the location of fire tfariliigs

are incomplete, as there isosha comprehensive list of fire training centers, and trainings using AFFF are
not formally documented and take place at a range of facility types under multiple jurisdictions.
Additionally, reporting AFFF spills to DOE is voluntary and not comprehdbegte the limitations,

the map provides useful information for the preliminary evaluation of risk.
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We used our map of potential point sources to identify drinking water sources with an increased risk of
PFAS contamination that should be prioritizedtsting. We calculated the number of community and
transient norcommunity Group A sources within a mile of an identified point source. We calculated

the percentage of those water sources that were tested as part of UCMRS3 data collection. We found
that potential sources of PFAS contamination related to AFFF were distributed across Washington State
(Figure7). We also identified many public water systems within a mile of potential point sources that
were not tested for PFAS contamination as part of UCNHRf2I e8).

A number of the areas in red on panel B identified as high priorities for testing have already been tested
as part of military site testinguch asareas around Whidbey Island Naval Air Station, JBLM in Pierce
County, and Fairchild Airforce &anear Spokandédditional water testing results and potential sources

can be incorporated to refine the mapping. This preliminary map of potential point sources also
provides a useful resource to private well owners and Group B water sysfemislentifying water

sources that should be tested.

4Group A Transient Ne@ommunity water systems serve: twerfye or more different people each day for sixty

or more days within a calendar yeawenty-five or more of the same people each day for sixty orendays, but

less than one hundred eighty days within a calendar yeaonerthousand or more people for two or more
consecutive days within a calendar year
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/WaterSystemAssistance/TNCWaterSystems

5 Group B public water systems serve fewearthl5 connections and fewer than 25 people per day.
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Figure8. The number of Group A community and mwansient, noncommunity public water systems
within a mile of a potential point source (Panel A) and the percentage of those sources tested for PFAS
as part of UCMRS3 (Panel B).



